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in tie deticn of vibrucion Lsolation structures the 
asy 25 gomorally controrted with two typep of 
peouLoense Ono Situstion may proquire tho isolation 
of vnicce oF omilpment Drom oxtormal vibrutilena such 
ag nomiodic foundation movements or oarthquaies. 
“so othuor Situatlow way be tho Lsgolation of un- 
bulunced votating machinery, Such an @ rock crusher 
fron its foundation. Actordingly, in the solution 
of tho poverning Giffoerontial equation of motion 
of tho two story snoor bullding model, two condi-~ 
vions of exeltation wilh be uSedy peiodis bas 
motion end a perlodic Loreing LSunetion ayplied 
horisonteully to tho socond LPloov, 

The govorming Cirfevential oquation of 
motion is dorived from Newton's Second Law of 
Lotion, Im as much as it ean be found in any beole 
textoenok on dynansies, suoh as dacehbsen and ayra (a, 
Rocerg lal, 1tg derivation ts omitted. 

Pinally, becnuso tho absolute masdnun dis- 
placosionts and accolerations most prebably will 
occur during the transient ora except vwhon a rosue 
annt condition exists, as wll bo shown lator and 
because dosiom criteria aro normally based on the 


absolute maximums, damping, which usuolly oxists, 


WLLL bo omltted in the solution of tho equations, 
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Cofero proco ding with hia approach, the authuy 
wishes Go point ont that soveral mociods ape 
avollLablo for tho investigation of multinpie dogree 
of Lreodem structures. Aum aecupute snd often used 
aooroanch for sevuctures whose Sroo vibration can be 
Pesolved into normal modes o? vibration 43 the 
modal mothed, soe lorris aml Crede [6 |. Ae an 
onxamplo, equations Low tho feeo Vibration rosponcse 
of guch structures cen be weltton dipootiy end in 


HenePal Corns a6 


y= * Cs ba (2) sin p, 0 
Whore 
y= ypolativo displacoment at point x 
cps (x) e ghnapo of the 2 th mode of vibration 
pg = natural, froquoncy er tho 2 th mode 
C; = participation Luctor of the 2 th modo 
ilowover, to use thia method tho sede shapes crm 
Choir vaospoctive frecucmales mist bo obtained first. 
in ag much an tho suther 1s doaling only with 
a Gwo dogreo of Proodoen syatam in a deaion situatia 
he LYools that the une of tle modal mothod would 
not Lursher alnplily the problem, Having obtained 
tho etuntions of motion by tha applicetion of 
DtAlonbort's Princinle to free bodias, tho solution 


of Ghosa edusticms as obtained by the author's 


~ 


approach L3 essentially the same as that of tho 


modal mothods. 
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Asourting that the base of tne model in Si aure 
iL de subjected to n rerlodle dlsplacamont, X{t), 
a 4, eesgyoypyy Foray . $*C yen as] oma Sioms of motion. Top 
lin o Ee JT ah en i gLys OL a one phbvi Wee ae che a 
o.cn 1005 cen be weitton wlth tho ald of the free 


e ute a ‘% » . i | 
Doultos shown in Pic. ae 


a an } eee ee ¢ 2 
; y (x, = } oon ‘baa COATler ber? 
Cie eat en OL x. Hen bo ) K 


” (DAlernber f 


KO® —, mn aa Force ) # 
é ; 
7 Oe es.) 


‘catnemestlile XK (# 
Pirara 2 


sang Loroes im tho norlsontal diroction gives, 





tes re + 4 Aq Koti — x4 } se Re t(3) {a} 

ap 4a rst ~~ 

Veney oy Kol Ag ~ A } = G {>} 
Lovéing Xu) = Am Gin wh, whore Ms 3s tho maxtiraw 


disniaconent, and vearvumine, omuations (a) and 


Maka + (iy + Has }atg «Rod, & Tyan sin ut (c) 
Hats «» Hak, + Moxp @ 6 (q) 


adiilenbertta Prinoiplo: The roanltant of the offece 
tiva forces Lor all porti« 
C136 of a hody, if povurced 
td assumed to set on tne 
ody wi its the oxterraL 
Loress, Wlikb hold tho body 
im ecdullibriwi. 





A particular solution, nancly a stationary 
havmcnioe solution of the scinglo froquoncy w will be 
ovtained first. If Ay = ay sin wt then upon dif- 
forontiating with respoct to t& x} se 24 sin wt 
and in a lilo manner If X, = 2, sin wt thon 

fa 
(ft 2. 4 4 e7 whe Se 
Xf = ew"2Z, sin wt where Z, und Zo aro transiont 
rons ha 
maximum Qisplacenonts, Substituting into equations 


(c) and (d) end collecting tcrns 


(Ky + Ky ~ Mywo) 24 - Ka%o = Xmk, (0) 
a > 
“KnZ, + (Ko=tigw) Zo = 0 (2) 


Grom tho simultencous solubicn of ecuntionsa (0) 
































and (Lf) 
t 2 
wak,|"2 2. w 
2a (g) 
tr Ko] x g, 
of bew? yh, yo “f A + K, "a 
Ma (h) 
= w bess Hie ti. ‘ iis ‘ K. Ks 
ie i 2 i, Mo 


A hemogoneous solution 13 obtained by con= 
sidering tho motion of tho model dring free vibra- 


tion, Equations (a) and (bo) aro applicable Lf the 
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pignt hand side 1s set equal to soro. Tf Xy=X4 cos 
pb, Ne=¥a cos pt, Xf = 25° ¥4 cos pt, ond XKs= ~p°¥> 
cos pt vhers ¥, and Yo are maxirnm displaccnmonta 
snd p is the naturid circuler frequency of a partic- 
ular modo, oquations (i) and (j) rosult after ap- 


prepriute substitutions are made and terms are 


colilocted, 
2» we , o a 
aia Yq po st X4 (i, +K) aw Kok. m=O (i) 
~igYop* = YyXp + Koy = 0 (3) 


in order to obtain an cquation for the natural 


circular Srogquency in torms of known Ttantitics let 


af 
Le 


tho enplitude ratio are then oquablons (24) and 
(7) beoons : 
ani + Ko . My P (ic) 
in. 
K 
om. (2) 
Fg ‘he aa ks ap 


The frequency equation ls now obtained vy oliminate 


f 
ince a from {ke) end (1) 











F ar ; ~ oo - K 
} K, tH 2 Ke A n 
pt. pe br + £ + a = 0 
My Mo Ma | 


Tho two positive roots obteined from this oquation 
avo the nutural circular frequonmcios of tho firat 


(lower) and second modes namoly, 

















af : 
-~ . 
e245 
— Pi - 
* ie ek ik In, K xB 
(aes Ket$t4c "3 é y 
Fle + + ite +72) . 12 (a) 
aN, Zt, [2 ip | RH, 


By substituting py or po into oithor aquation (i) 
or (1) tho anplituce ratloa ay or ao respectively 


may be obtained. 





TANB e 
K, tit<Mape 
a7h Dy 
Ba — _ ( Oo ) 
Rs 
ae 
— a 
Ky tiinwll, Pp D 
a2 (p) 
+ had 
i 
le 


& Gomploto solution oF tho equations of motion 
ig obteined by adding to tho homosenoous solution 
thie particular solution. ‘he forms of the rosulte 
ang, oquatvions are 
Kam, cos Pyt + By in p4ab + Ag COS pot + Bo gin Pot ‘+ 
Zi, Sin wt (q) 
KoFa,h, coe pyt + &, By Sin pat + Apis COO Pot + 
Bob, sin p.% * So gin wt (x) 
whero A and B are arbitrary constants that make the 
equations gatisfry the followlag initial conditions, 
Asauning that the systom is initially at reat when 


=. then Xy=Xoek4anh= » Theraforoe at t=O 
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X= A, +A,=0 


Xo Aq Ag tarineO 
since a4 # a9 +6, Ay=Ap“0. Ddifferontiating equa- 
tions (a) and (») once with rospoot to t the Polliow- 
ing equations rosult when t=0% 

X= p4B, * 


Ks aqp_ydy + Laps ‘+ Wo5"0 


A asimultanocus solution fives 





WwW gO nhs 
Mme Pa | ana, 
Ww amet An 


Substituting into equations (q) and (r) 





i wih “? pA w fl = 
x uf - a af 2 he . 
i — pq ayes, gin p4t + Do Oy Ory O42) 
pot +S, sin wt (3) 
Zz wh 2 : 
ye hen eS - 
X= « a= a sin pit +o "24 1 | ein 
: ee “Pp \@~82 
Pot + Z5 gin wi (%) 


wnsre Zand a ere given by equatiors (¢), (h) 


and {o), (p) respectively. 
Ge  WACIVARTORN BY PeENTODIC FORCE APPLIED TO SUP CRSTRUCTURG 


By applzying a fercing Tunotion P(t) to the 
second floor of tho model tho resulting difforential. 





Ve 


Cquations of motion are 


Thy Ky + Ky X4y aKa ( XowX, )=0 (aa) 
MoX3 + Ko(Xp-X,)= P(t) (pp) 


Applying the samo procedure used in subpart B the 


particular solution of equations (aa) and (bb) 


rosnit in _* 
a. wae 
Malt 
a (gg) 
(iia) 





wauore F is a force duc to the reaction of a mass 
hm rotating about and axis at a distance g from 
its mass contor: P=hp 

fae complete soiution is obtained by moroly 
substituting into oquations (s) and (t) the values 
of Z, and Zo as given by equations (ee) and (i). 
The expressions for the amplivude ratios and the 
natural cirevler froquonecioz are the sane as 
those dorived proviously. Tho constants A and B 
are also unchanged. Fox more dotalled ceverare 
of the abovo matorial, the reader 18s invited to s0e 


Jacobsen and Ayre 11\ (Chapter 7). 





PART IY. DSVELOPMiNY CF CHAS 


jliaving obtainod a conmplote and «eneral solue 
tion to the coverning adifVorcntial oquationa of 
motion, tho next stop involved the use of a high 
speed electronic dieital computor to obtain many 
specific solutions to the ecuations. Tho data 
Gonorated by tha computer was made a function of 
23 fow parumoters as possible in ordor to roduce 
sine gmount of connuter ef fort roquired and 
ultimately, to keop the desired charts simplo and 
tho nunbor to a minimum. Bach floor of the model 
hes associated with 1% a mass and a stiffness, The 
system aS a wholes has two modo froquencios and a 
frequency of the Yorcing function. Therefore a 
total of 7 Gifferent parameters would have becn 
required, If each paranctor woro givon 10 valuos 
each, then tho mumber of computationa roquired 
to obtain an answor for evory combination would 
havo boon 10° mich anounts to approximately 150,000 
printed pagos (11 inches by 13°) theses) of computer 


output. 
To reduce the outout ond to obtain data that \ 


wag concise and yet useful, the input to tho computer 





We 


was vecucod to l. parnmetors, nanoly, K./k,, Mo/My» 
w/p, and K,/il,, Note that all of the above ratios 
except the last ono are dimensionless, Initially, 
tho author attompted to roarranco the equations of 
motion so that all terms would bo in dimonsionicss 
form. Howovor, because of tho conplox nature of 
the ogusations a complotoly dimensionless set could 
not bo readily obtained. it was theororore docidod 
evbitrarily to let M oqual unity and thon rolate 
the stirfnesses and ls wo bigs 

The vanse cf reasonablo valucs for the ratio 
Ky fit, was dotermined by using Raleigh's well kmown 
static Defloetion Motacd in which tho natural 
circular frequency of a system is given in Juoobsen 


and ayro i ( 2=5) as 


Jian + D any 


5 weox + >. Wy s 


p= g (a) 





whore g= acceleration duo to gravity 
AN = static deflection duo to concontratod 
load 
W= conconbrated Load 
y= static doflection due to distributed 
Loaa 


We distributed locd 





phar 


Yicure 3(a) shows tho deflectod shapo of tho firat 
atery of the shoar building model which hag boon 


rotatod 90 correcs. 





Licuro 3 


Gho atvatle doflection iss 13 ooused by gravity 
acting on the equivaicnt mass, iy and whore 
W4sl)ge Ie tho deflocted shape in figure 3{a) is 
maintained until tho miodel is returned to the 
upright position as show in flgure 3(b) and thon 
roloagod, the frequency of vibration will be given 
by oquattien (uu). Decause only one concontrated 


load 49 involved, oquation (u) reduces to 


uw, A 
> er 4 


> 6 ~ o. 


- A 
i 
Ww, 4, 
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A reasonable limiting value of IN 4 ia 1 inch and 
nos 306/71 = 356 (say 1.00), rowenmbering also that 
n° oyuals K/M. Ynorefore a range of ratioa of 
Ky fii, would be 00 to say 1.0000 (A = 401 inch). 

Apponaix A contains the progprens that were 
usod in the repetivoe solution of the governing 
Gifvovential etwavions of motion. Tne commilor 
Laninmagce used was POAYRAN. Progran Axi isa Yor vhe 
baso movion caso and Ag-2 for the othor caso, Both 
orcevoams are Adesutical oxcept for tho subroutine 
wilch gencrates the maximum transient dosplaco~ 
montsa, Ze 

The required inout Lo as Dllowss: 


Nt through Uk. - the miunabor of valuos for 
each paranotor 


RATIO, STIFF, SLUG, VBYD * the four poranotora 
that aro respoctivoly 
Ky [My » RJ, . Mo/il, . 


and w/p, 


Gne programs g¢oenerated tho fullowing data for all 
combinations of input: 
D4> frequoney of DPundamantal natural mode 
po- Lrequency of seconinatural modo 
K,= displacomont of mass 1 


Xo displacoment of mass 2 
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Aa montionod oarlier, design criterla and 
procedures roqulre thot the dosign of a structure 
DO based on maximums such as tho maximum coflaction 
or noceloration onticipated for a given set of 
conditions. In actuality the dosivod rosponso 
clinets aro maxtinax spoctra ocurvos for tho various 
Valuoa of the four perametors, Thore ero soveral 
ways dn which tho maximax values of displacement 
riay bo cbtained in solviny, oquationa (s) end (&). 
{20 moshomatical approach would bo to differontLlato 
eysuations (5s) and (%) ones with rospoct to t setting 
thong derivatives oqual to zero and then solving 
Lor tts which when subatitutod inte the original 
eduations would give tho maximun values of dis« 
placonont. A numerical anproach would bo to sub} 
oSbitute small values of t successively in oecationsa 
(a) end (t) and by plotting diaplaceriont va. tine 
obtain tho maximzn displacement. It should bo 
noted that both mothods are Laborious even when 
using a compubver because the procedures deacribod 
must bo ropoated for cach combination of atiffnossa, 
mass ond froquency ratios used, 

Again, in the intorest of saving computor 
Gime and storage spaca the author chose a practical 


approach end let sin pt = sin wt = 1 and addod the 
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absolute values of the throo grouns of quantitios 
Rao, de? ° 9X +8 oy ee Be? os ron} Ds fh Aa? eye} yor 
4s, theiy yrosroctive ocuations ® obtain tae maxinum 


Gisnlacamoants. 


¢ t? 


a“ + “. + 24 (sa) 
Pe = Do ay ao 
Cn Dnt Oy os 
“224 + a., # a 3m bens 
A»? 93 praen ee ee eres a ert, 2 
ce "UT Py ar as Po Aq7O2 


& comparison of voluos of Ay onl Ay shows that tho 


utnor's approscsn ig vaild. 





CCNDITT. 15 WT RICAN PRACTICA, 
Kofi, #1 Xx, 7 elib 780 
i, /it, * 10000 Kp 17.51 17.655 
w/p4 = 049 
aft, ad 0.5 
fig 8000 Xp 14467 14.098 


wip, @ O69 


da noted in loyvris aml Creda (| (vol 3) for 
degrea of Sreodom atructures, the euthor'is 
approach overastinates the truo masckhaum by apne: 
moabtoly 5 or 10 peroant if the stiffness ratio is 
vory lorga ox very small, If the atiffnoss ratio 
23 noar unity, tho mothed prosonted horainafter 
may bo vory inaccurate bomusse dannping has been 


nogiocvcd, Lowoever, tho inaccuracy isa on the con» 
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ourvative side and improvenonta to tho original 
design, obtained by tho prococures sot forth heroin~ 


artor, con be offeated by a more accurate analyaia. 


Be MREBOUNCY CARS 
It cen vo soon from oquations (m) end (n) 
that tho froqueonécy of a tuo mass oysten in a Dunction 


of Sour indopendont vartLlablos, mamely oech rings and 
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ft5 posnoctive stiffmoss. satting iy ecual to 
unity the nurbor of varlaiilos roduces to throe by 
using tho ratios, Ky/ Ma» Ko/i_, ond Mo/ilze In tho 
conputer program ins Ka {Ma 9 Kimi JK, ofter i, 13 
pramultiplioed by Ky /it, and Moe /i, « As Will be 
soon Latoy tho frequency of the fundanontal natural 
rodeo £98 an ontering paramoter of the displaconiont 
curves and a rapid dotormination of this frequoncy 
Zs rocuired. Therafore, and bocause of tho muaber 
of varlableas involvod 4% was docidod that a nomorgraph 
would be the best methed for displaying equation 
(a) graphically. It was further decided that tine 
rpequency sealo should be o jinear scale to 
Puciiitate reading. 

Having computed the Proquonecy for each cori- 
bination of K,/ii,, stiffness ratio and mass ratio 
shown on Chart 1, Appendix B, tho noxorranph in chart 
1 was obtained by trial ond orror. First the pivot 
line was dvawn vertically at tho conter of the 
pago. Noxt a vortical froquoncy line was drawn an 
aroitrary dlatance to the right of the pivot lino. 
For the first try the frequency lino was drawn at 
the right edge of the page. A suitable Linear scale 
for the froquency lino was thon selected. The 
solection of vertical lines for tho stiffness and 


ratio and mas3 ratio waa arbitrary also. Ths line 
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voprogonting K./, was draw at tho left edre of 
the pago and tho lino roprasonting Mo/M, at the 
loft quartor point. The line roprosenting iy /il, 
wos determined by construction because the slope 

of thia line could not be arbitrarily set at the 
vortical, The nidsoint of the pivot line was 
assumed to correspond to the pivet poiny for 
Kn/i,=C,, if. fii, = 6 Construction linos woro draw 
from this point to the points on the Lrequoney 
secle corresponding to CG, and C, ard tho difforont 
rahuos of K,/i_. A second pivot point on arbitrary 
Gistanea valow the first was agnumed to correspond 
vo Kpf/iys0y, Mpfiij=03. Construction lines wore 
dvaun between this point and polnts on the fraquency 
gculo corrosponding ta C4 and C. end the difforent 
Values of K,/il,. A line connecting tho interaec- 
tion of tho respective construction lines is tho 
Line that represents Ky [Ma Thus by a "bootstrap- 
ing" process tho values of tho stiffness and mass 
ratLos were plotted on thelr respective lines, 
£ithough the process anpoars to be primitive and 
unsophisticated, adjustments wore made after cach 
stop go that the final position of the linos of 

the nomograph was apparent at tho conplotion ef 


tho first trial. Only two subsequent trics wero 
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roquired to rofino Chart 1. Charts 2 and 3, Appondix 
ys ave moroly an oxtonsion of Uhart 7%. 

Cuarts 4 and 5 of Apnondix B Gives tho fro- 
quonecy of the second natural mode, A similar trial 
end orror process was used in deriving tho nomo- 
(eaphs with ono simplificstion. It was found in tho 
conputations that the frequency of the socond natural 
modo varied «as the square root of the ratio Ky fila e 
“he muLtiplior line actunlly reprosonts tho froaquency 
of tho socond natural mode at various stiffnoss 


ond mass ratics at K,/i4=1000. 


CG. DISPLAOCHIRYT CHARTS 

Appondix C contains the displacemont charta 
Lor a two mass ayacen. The curvos on each chart 
wero obtained by plotting tho displaconons as a 
function of the ratio of tho forcing function 
froqueoncy to the frequoncy of tho fundamental 
naturel mode for apecific values of stiffness and 
masa rutios. Each chert ig for a apociflc or 
inclusive yaluo of stiffness ratio with a fanily 
of curves for the range of mags ratios (1/50 to 
5O/1). 

Charts 1 through 72, Appondixn 0 ere for the 


Gase of poriodic baso motion. Tho units of dise 
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placomont aro consistent with tho units of theo 
perLlodic displacoment. f%¢ is interesting to note 
that tne displacemont of both masses in this cago 
Coos not vary if Ky ily is varied. Looking at 
equations (7) and (a) note that the maximun forco 
eprliod to the systen by the porlodic displaccmont 
of tho base is Xmhy.e Since My is unity che forco 
apyliod to tho syston is diroctly proportional to 
Ky and if Ky is omall the corresponding valuo of 
tho Lorcing function is srall and if ty iz largo 
the corresponding value of tho forcing function is 
Lavco, For this reason the displacemont does not 
Vary with tho K, fika ratLo. 

Chart 13 through ell, Appendix @ aro for tho 
case of the forcing funstion anplied to tho end 
flocy. In this caso tue diaplacomont is directly 
proportional to F whieh is independent of K, [Mig 
Accordingly the Ky JM, ratio must be taken into 
consideration in detornining, the displaconentsa of 
The SYStOmMe. 

The multiplier values in Charts 13 throurch 
2, Appendix ¢ are displacomonts fa i /it,=1,00. 
The units aro consistent with the units used fox 


the stiffnesses ond masses of tho system, 
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PARQ? ITI. DESIGN APPLICATIONS 
A e Gr ty ' an Af, 


fo Lllustrate the uso and application of the 
Charts in Appon@ix B and Appendix C6, solutions to 
two design problems are presontod, 

It is essumed that the structure end equimnent 
can bo represented by a two mass system such ag tho 
mogol deseribed in Part I in waieh il, equals on 
oquivalent masa of the Poundation, K., is a function 


the olastic proportias of the soll, M, oquais an 


ro 
ocuivalont masa of the equipment end supporting 
framowork, and K. oquols the Latoral atifiness of 
tho supporting Pranework. In tho first exanple 
cjuLpuent’ on a suitable support on an isolated 
Poundation La suojectcda to perlodic base motion and 
the probiem ts to dosien tho structure so that the 
nccolLoration of the equipment is limited to a 
spocific value, 
in the socond example 1t is assumod that 

vibration is induced in a pleco of equipment by an 
unbalanced of rotating, weipht and the problem is to 
design the equipment so that the doflecction of a 


component is limited to a specific : value. 
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Bofore proceeding with the oxanples 1t is 
nocessary to discusa a method of obtaining an 
equivalent stiffness of the soil mass supporting 
tho foundation. A9 noted carlicr this oquivalont 
stifinoss 1s ropresented by iy in the shoar build 
Ing modol. In the discussion to follow it is 
assumod that tho rendor has Imovledge of tho basic 
toms and fundamentals of soll mecinnica, 

the atatic boaring capacity of a mrticular 
Soil mass is detornined by a series of standard 
load tests in which a muber of concontrated losds 
are transferred to the soll by a rigid plato, 
nermeally loss than 30 inches in diomoter, 

Data observed during these tests aro plotted 
Giving curves whose ordinates ara settlement in 
Inches end whose abcissas ere pressure intensitios 
im tons pey aguore foot. Theso curves are called 
lozding test curves and for nany solls a typical 
curve initially would be a straight line followed 
by a continucusly stoepening curve. In the straignt 
Line portion of the curve the ratio vetwoon the 
pressure intensity and the settlemont ia constant 
and 49 often callod the statie coefficient of 
settlonent whieh is denoted by C4? (See Taylor (3 \ 
(Chapter 19)) 
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Cy? prossure Intensity at nrovortional Jimits 


total sottlomont at proportional Limit 


& second coclficiont which will bo used lator to 
obtain an equivalont stiffness of a g#ivon soil 

ma3sg is callod o,,, the gtatic coofficiont of olastic 
uniform compression. It is always inrgor than Cy 
sinco tno olastic settloment of a foundation is 


Glways smailor thon its total settlement: (Seo 


Barisan \u. | )e 


rozsure intensity at nroportionsl LAniate 





elastic portion of total sottlemont «at 
proportional Limit 

Tis units of Sn and O,, are usuzlly given in tong 
per square foot per inch of sottlement or in peunds 
por cubia inch. The dcatermination of suitable 
faluos of tho coefficiont of elastic uniform cor 
prossion for any givon sell is difficult in ss much 
as C,, donends on a large numbor of variables whose 
offects are not oaslly evaluated, The theory and 
dorivation of equations ror c,, are covered in dotail 
in Barkan [4 | « For desirn purposes, Barlran [| as 
oumpllod, from static and dynamic test data, a table 
of reprosentative values of 6, for different soil 


ULOUDS » 


@ point at which curve doviates from a straight lino 
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TABLE IL 


npg Rs 


Heo OS AB 


ly 
NGUP ~OlL GkCUP2 STAYIG L¢ AD Cu 2 
\PLUOR: tons /it tonsa /Li~/i a 


I Wook sotls(clays and 
slity clayg with sand, 
in a plastic BCAGOZ 
clayoy and sility sends; 
also sojlia in category 
ti and TIif witn laninae 
of organic silt ond of 
poat) up to 1.5 up to 7.6 


i. 
a 








Il Solis of medium stronsth 
(clays and silty clays 
with ssnd, close to the 
plastic limit; sand) 1.5 to 305 7.6 to 12.7 


Strong solle(claya and 

Silty olays with sand, 

of hard oohaie GONCY § 

gravels and gravolly 

gands; loozs and 

loessial soils) 3265 to 5 L267 to 25.elt 


bt 
| 
a 


iV Rocks groat — yroator than 
than 5 25 oly 

220 Valuos given in Table 71 are by no moans oxact 

but sro sufficlontly ropresontative of actual values 

to give reliable desien results, Using Table TI, 

values of dynamic vertical ond lateral stiffness 

of a given soil masa can bo obtained quickly, 

Barkan |i. | found that the vertiloal dynamic stiff. 

noss is equal to tho static G,, multiplied by the 

oroa of the base of the Poundation and furthor 

that the latoral dynamic stiffiess is equal to 


approxinately one-half the vertical stiffneas, 
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B, DESIGIEXAMPLS Os & BAS VOTLON FRONLAM 


A A satollite tracking onmora ond its assooisted 
cloctronic oquipmont is to bo installed in a seuthorn 
California desert (earthquake zone). Tho combined 
woic:t of tho camora and oleotronic components is 
100 tonsa all of which must bo mountod on a geirdor 
platform 3 feat above ground surface. The conmora 

is sensitivo to vertical end horisontal accolera~ 
tions and 1t is desired to desic¢n the supyorting 
structure 80 that tho maximum acc@loration of tho 
ocuipment during an oarthquake is .262, ‘The size 
ond configuration of tho supporting girdors 
specified by tho manufacturer are as shown in 


Licure lie 





figure ly 


ALL equipment wlll ve fastened to tho girders and 
the loading is such that all columns will carry 
oqueal loads with Little or no bonding, 


(ind Loads wlll bo neglected as a matter of 
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shunLificabtion, Assuno that tho atroncost recorded 
oartvhouake in tho vicinity was tho hl Contro ecarthe 
cucke of May 13, 1946 with a maxima ground ac- 
coloration of .33¢, a maxirnam ground velocity of 
13.7 inches por socond, «ad a maxilirnu ground dise 
placement of 6.33 inchos. Tho frequoncy of the 
Cioplacemont was about ono~hnlf cyclo second, soo 
o3um0:, Nownark, and Corning [5 |. During an carth- 
cualke tho ground moves at random in all directions 
umd the quantiltios recordad above are assumed to 
vo ropresentative of horizontal aa woll a8 vertical 
cround motion, 

A good and sometimes the only approach to a 
structural dynamics problem is to first desifzn 
the structure so that it will at least be strong 
crouch uader static conditions. Then, having 
obtained a static solution, amilyse this Pirst 
Geosign to see if it moota tho dynamics coritoria, 
Making appropriate adjustments so that the structure 
Satisrics statie and dynoanics criteria completos 
tho doairn, 

“ne static solution requires the design of 


the columns and the foundation. 
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Column Posigm 


Loa@ on exch colwn: 25 tons 
Estineated allowabilo come , 2 
preasive stool stress: 18 icips/in 
“) 
Area cf column required: 26/6 ia 
Use = 14,0 inch stce2 pipe 
ye 
Area = 3.1717 in* 
~- ) 
Momont of Jnortia « 7.233 inl 
radius of gyration = 1.57 in 
woicht - 10 1lbs/ft 
Moundeticn Desion 
Load on foundation: 
Tive load 200 kipa 
Foundation (10% of LL) 20 kips 
Coluiuma and Cirders h. kins 
ape 
Total 22]. kips 
From Toble 71 the sllowable 
voaring capacity of 
ganas ~ use 1.0 tons /fPt* 
Area of foundation roquired: 75 ree 
Use 70 f% square foundation 
since colums are spaced 2 
8 ft apart: ~ Area 700 ft“ 


ssure (wolight of 
Lo a now used): « 204 LOE aw a. Oly king/ 
400 £65 


Not seil pre 
foundas 
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Maximum bending romont 
in foundation(at conter): 


12 (102x.) = (2.0lx10%5x2.5) = 1835 inchekips 


fie dopth of the Poundation 
can be found using the 
equations 
f 


to* —— 
Ehia jap 


| 


where G=bending momont 
kd=distence Lrom extrtome oomprosasive 
floor te nevbral axis (expressed as 
a vraction of d) 
jcsdistenco botwoen resultants of tho 
tongile and compressive Yorcos on thea 
section(sxpressed as a fraction ef d) 


G=distenco from extrono £Lbor to stcel 
roLinrorcenont 


bpewLdth of sactvion 


( . | 
LY =naximnun compressive stross allowed 
in concrete 


Assuning that f,"1000 psi3 j=.075, k*.375; then 
a=10 incdes for Q@=1035 inch-kins,. 


Allowing kL inchos of cover 
the depth of the foundation is 1), inches, 


Weight of Lounacation: 


Conerete 7450x10x1 Ol = 97.5 Kips 
id 


Roinforcing Stool 2.5 king 
Total 20 kips 


Structure vonstants 
Maas of Loundation am lower half of colwsns: 


My © 20000880 « $2 oruge 
3 / 





BlUulvalont 
mont, floor girdora and upper hail of 
St 


Be. 


migs of eamora, Gloctronic oquip= 


ile 


M., = 2909000+3°2604+50 ~s 526 slugs 
306 


Vertical stiffness of soils ¢,=7.0 Tron Tablo 1 


1% (voréj3 7.6 x 2000 x 100 = 1520 kips/inch 


Lateral stifinoss of soll: 


K, (Lat )=9X, (vert)=760 kips/inch 


a 


Vertics! stifimess of colvwens: 


Th. vorticnadL stiffness of the columns ie 
MUCH freeater tiun the vertical stiffness 
— the ott a93 and tho structure will 

gaseabLally “tae, Svea a single dorproe 
of freoocen system in tae verticel diroce 
tion. For vertical motion asswnre 


ib of Se =10 and Vinfi, 250. 


Lateral stitrfneus of codirims: 


T 4 


a. 
| earn. 


Mii} 
(ou) 


én expression for the Lateral atiffnoss 
of Oo] w om | TLIO rai av both omds can DO 
Georived using the romont<Aroa Vucorem,. 


ee Ger 
77 
‘ G) ne 
ph a ees 
Figure 5 


if tho top of the colwin shown in Pigawe 
5 (a) is displaced a unit distance as 
aes in figure 2 (b} tne monent Glarvan 
saown in figure 5 (¢) results. Taicing 
MOMones about the base of tho monort 


diarren 
a .® b Lt « rr xO xz2Liziefc one 
a sb a 2 ak on aNd - 
ae 4 6 8 





fo 


and sotting unisty and solving Tor Q 
Le 


Q is tho moment induced at cach ond of 
CLO oolwin when ono ond is displaced a 
unit distance aos ahowm in Ligure S{b}. 
ane shoor in tho colaum may be found by 
ddings tho moments at 6ach 6nd and 
a ViLGing by the Length of tho column. 
Tne snoer eo dotorminscd is eculvalLont 
to the isteral stiffnoss of the coli, 


12. 
ou <- =a 


L? 


K = 


‘ = - 40 7 


= 36 x 36 x 36 





Vass oid sceiffness vatiog: 


Vortical motion Ko /K, = 10 


6 
3 
NS 
OQ 
> 


Ky /My 
Lateral motion K»)/K, = 0.29). 
Mo f/iiy = 10 
K, fil, = 14,600 
Sundamontal natural circular froquency: 
Vortical motion p46 vadlans/socend 
Lrom chart 1, oppow iz B 


Lateral motion  p4y=15 vadians/second 
Lrom chars 2, appondix B 
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froquancy ratio: 
Who frocuency of tho Grourd displacce~ 
mont was piven as .5 cyclos/second of 
3.1. radlans/second. 
Vortical motion w/4 0.682 
Lateral motion w/p4* 0.208 

RoOSponiso 

Displaconens: 

Vortical motion 


Poundetion 8.33x1.2=10 inches chart 6 
aAppondix CG 


Flatform 8.33x1,c=10 inches chart 72 
appendix G 


Lateral motion 


Foundation 8.33%7.2°10 inchos 
chart 2, aprondix 6 


Platform 6,.33%1.2=10 inchos 
chart 6, appendix ¢C 


Accalorations 


From tho particular solution of the 
povermming difforontial oquations of 
motion 16 ig soon timt the accolorae 
tion of onach mass Ls aprronimatoly 
equal to tac Proquoncy of tae Lorolng 
function squared multivited by tho 
Cisplacavions of tho mags. 


in both vyortical ma lateral motion 
tho accoloration of tho f oundation 
om platform is 
“ 
(3.1) "x10"98 tnches/second= 
which is loss tian 0.2656 
Yhorvefors the initial desipm setistios tho condi~ 


tions of tho problem. 
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GC. Deer GAP wil 

A Navel construction Battalion bullding a 
concrete alrstrip in a renote eroa requires a 
vibrating scorecd to expodulte thoir placing opora~ 
tions and being resourceful they have Labricated 4 
sercud from surplus materials, who sereed itsci? 
is made of wood (density= 50 pounds/ ft) 20 Last 
Leng by 12 inches nish by 10 inches thick. a 
sviall gaseline engine and vibrater unit (total 
woight= 50 pounds) are mounted at the contor of 
trae serecd. The vibrator unit consists of a 5 
pound weight mounted on a 10 inch @lywheoel and 
thio ecoontricity of the 5 pound wolsht can be 
varicd, The engine turns tho flywheel at 500 
RYH. Lateral vibrations are transnitted to tho 
soroed throush a rubbery shock mount whose oquiva~ 
Lent stiffness is equal to 5260 pounds/inch. 
Neevlocting vertical vibrations ond assuming that 
tno maximum Lateral anplitude of the screod is 
Limited to 0.7 inch to prevent sorregation, 
detormine tho eccentricity of the 5 pound wolght. 
Assume modulus of elasticity of wood is 71,500,000 
pounds /inen*, 
Solution 


Equivalent mass of screed (asswno .625 
of total woight)s 





3G 











cOxi x 10 x 50 x 2028 
i = (rs —_ ee 
Ma — = 1.435 sluss 
2 


Maes of oneins end vibrator: 


t n ” ' 
as eae = .13 sluge 


Stiziness of strcode 


Uso cofloction formmla for deflection 


atv center of a SLL Y Sugporbed bean 
duc vo concon on atea Load at COM? » 
Loed Gant causes o unit deflection is 
SULE TRESS ox ‘pital. 


= 107 


Hye BOs bo & ob oat +9 ae 5200 pounds / neh 


aah + 
Mass and sviffnesa ratios: 

x of % a 4 

Ji, = 4 

Ky /Mg = 1.000 
Pundanental natural circular Proquencys 

= 60 radians / secon 
Leom chart 3, appondix B 


Ppoquency ratio: 


eg 
* a x 6.28 = 52.3 yadions / second 
Ned 
u/P4 a 0.872 


Imtorings chart 16, apvendix 0 obtain @ 
multiplier Felue ef 04021 


Therefore P= 0.1 2 000 = 7.5 pounds 
OO x eOD2% 
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Jo Fo os 7 . = 30¢ ; 
wbtsye! ry le aS ae ud 1.35 inches 


ree 
8 x 52.3 x 52,3 


An eccontricity of 1.35 inches will oause 


~ 


el 


tho sexced to vibrato with an anplitudae of 0.7 


inch o7 Léss2 
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PAR? TVS SURMART 

Tho oxamplo problema presented in Part Til 
caeugn greatly sinplifiod Lllustrate tho procedures 
snd moans that should bo used im tho dosigm of 
steucturos involving and in selving tho coverne 

ine difforontial ecuations of motion by the charts 

nrovidea. fio steps in tho above procodures ares 

top 1 Cotain a suitablo design for static 
conditions. 

Stop 2 Galeulato tho mass and rospooctive 
stifliness Lor each part of the svavem 
end essign subseripts to those values 
BO that tho system is analopos to 
and thorafore can bo ropresented oy 
the model digcussed in part 1. 

Note: Units of tho mass and stiffness 
must bo consistent.s.e If tho gvuiffness 
49 roprosented as pounds/inch the masa 
wust bo oxpressed as pound«second finch 

Step 3 Calculate the ratiog Kp/K, Ho/i,, aw 
iy / Lig « 

Stop l. Entor Charts 1, 2, ov 3 of anpondix B 
end obtain the Pundemcntal natural 
circular Proquoney, pye If the froqueng 

Sesivecd 


ef tho secend natural mode is senied 


entor charts l. or 5 of appendix B. 





an 


Step 5 Calculate tho ratio of tho freanoncy 
of tho Sercing. BuncviSem cs cro 
Lundamontal natural clreular frequency 
of tho systom, w/py. 
Step 6 Enter tho Charts of Appondix ¢ to 
obtain tho response of the systen,. 
Use charts 1 through 12 af tho forcim 
function is applied as base motion 
or Cchurts 13 theough al. 4f the forcing 
function is applied to mass two. 
S60 procedures outlined above establish tho 
a Dasic approach to dasipning viorating struciuros 
involving two masses end two dogroos of freodon, 
Gna enamples yresented show the diversified nature 
of such desi~m problems and it is the author's 
invent to denonutratoe the Plexibllity of the charta 


that have been provided, 
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PROTKAM TIES IS 

VPORCING PUNCTION APVLIED AG BASE NOTION (UGRIZGHTAL) 
OPLENGTON A(25), B(25), Cles), D(25 )s 

> N1,82,03,0,D(L), A(T), BCT), c(i) 


PURTAT Saag Pe gor <, oii /101, UX, SHKE/K1, 17X, Simi2/ 


Vii, 12%, 35N/P, 
» 21h, TYX, 2X2, 9X, 16NRLL DISPLACEMENT ) 

DG SCO L=i,N1 

by S60 r=1,He 

be 506 J=1,3 

DS 500 Ket, Nh 

RATIO=D(E) 

S21F2a(2) 4 DCL) 

SLUGSE( f) 

WOXP=O(K) 

CALL ALPHA (RATIO, SUIP, SLUG, ALPHA, ALPHA, P, P2) 

USP pyre 

CALL BIGK( RATIO, S226, SLUG, Ww, BIG , BIGX2) 

iy — GNA PHA2KBIGR )/{ ALPHA1<ALPHA2) }) 

TAGS C(/P2)a( (DIGK2~ ALPHA SIGN )/( ALPHAT*ALPIA2))) 

2tADSP( BIG ) 

X@@ADSI( ALPHA (0/P )er{ (BTGN2-ALPEAGEDIGK )/(ALPHAI“ALHIA2)) ) 

V+ABSI( ALPIA20 (W/P2 )s( (BIGK2sALPHAIZBIGR )/ (ALMA ALPHA2)) ) 





VA 


PROGRAT 4 (vonts) 


KES AD OP ALYHAT OCU? jet (BI G26 ALPHAGHGIGR1 Vi { AL PIRAT ~ALPiZA2) 3) 
1FpeePr( ALPHAP ALY y Da )2({ BIOMA-AT PHA eB TER 7} f (ADTIUAT=ALeHA 2) >) 
2 USP CSL) 

ALASKA KT 
BOO PRENY 3,2, RATIO, ACT), SLUG, WOYP, Xi, X2, RGN 


3 SORMAR (PS 0 By OG Ay FS 2,216.2, 3PTG. 2) 


® 


Lud 
ik POLLQYING SUBHOUTDIES GENMRATES AMPLIGUDS RATIOS 
SUBRCULTHS ALPHA (A)B,0,i42,&,7)} 


so) oe SGRTIC ( (ASB) /2.43/ 


CHsGRIP ( { Mey ee pad AN 
“di ~ 


(2 eieG ) jae “B/E ay 
EE NE Gs042, GARR ( ( (ATB)/2. 4B/ (2.46) ede neB/d) } 
Dee { Arie Gud) /S 
pats 0-3 
RST 
DON 8 
‘ig PULLGTING SUBRUUPING GUVERATES TUR MAXTIN 


4“ : eds aye Patty ey 


PRAMOLEET DISPLAC SRI 
SUBRIDELIG BIGX(A,3,¢,0,V,2) 
1B /Ge aed } / selbst 
get /O/ (Oeste A+ (6/6) )+ae5/o) 


ILEEOUISG PROGRAM Is ShAWA CARD DEN Dat ‘A GARDS 


Apeonaix 4 





He 


rs 


PoCAMAR TRESS 

PUGET FUNCTIGN arrLima TO EOLA | PUOCGR Cee Tan Gay. Ni.) 
DEMEMS TON A(25)>,5628)5CL25)y Bt2S5) - 

AWAD 1,87, N2j,N3, Mk, DOLD pA(T) Bie), (2) 


Pd nde 


” rd 
€ 
é + ay cee { wise he 08 wr movaminwincen ae sanmne } 


+ ym 4#eIvriea fine + gr de | ae 
a iy as he 9 ii } 3 sia y iL ree) gs a, PEGS Lx, oun /EI “uy 
eM eA, Vek, Sai /P, 13x 


ate wp 


A pry ies ome Ts nore 

é 3 Fao ae 3 Lith, ate » 2X wy 4 Oi: (isha i? Lor iH bsahiy eee il 4, } 
dy C60 Ind. Ne 

P ot pe i gee 

Pe yee, ~~ % es fytg <M 
ot! 500 A boos a a5 


ger : % M4 
sohi S00 ors] , a. 


, se yy P “4 ATT oe ey ne eg ‘ 
vty ly Fi PHACKI TIC, 3s LED, ba Ut, & Adee Me ty ALPGALs iy P2} 


> Le ind 
em ped sie 


. a] 
BYE 


w 


CALL RIGK( RATIO, STIP, LUC, W BIG ,BLOX2) 


* 


RISABSE(C CWP br (DICK 2=ALMAOKBT B17) / ALPUAT «ALPHA ) )) 


VeASSP ( (W/P2}ae( (BIGR2~ ALPHA LEGA D/C ALPTAT~ab PAZ ))) 


HROmaAnsP ( ALEMATa (U/? pet (DIORA ALPHAQRTION J / CALETA ALPHA2) 3 ) 
T+ SRG? ( AD PHALS ( Ca /Pe j(d BICKA~ ALEHAT SDIGAY y/{ ALi ard 4 we AE PETAL )} } 


“es s “3 £ hed +s “es | 
GrA BSE (STAK2L 





WY 


PROCHAM 2 (Contd) 


ky et ca 
aac etiaat Pp ee ae 


PRENE 3, P2, RATIO, A(T) SLUG, WBEP, X17, XA, TE 
a yaewe ~ i % \ 
ane eA (Po.2,% Toss ey PIV Pe Oy 1 Ge2} 


Pe.) 


a a 


7,.¢* “we bart |e Y or Me yt ae 0s ore 2 ee a” rine arte. 7 Tr} ‘aul 
om in ad x eee * eee a ee ae Ti 1s GHGs ond Agile nynee ge eit £08 


“se hs am eee =a = mS Tore e aw + et 


ots) SET { te ul PES reef” ee" A, By Cp Dipity Py ct) 


Gace: ‘ ( wh), (26 45/4 gt G } ) ET ( { {, 40S) fee B/{ 2.u0)) 


LES Teor (tends 2, econ (1 (APB) /2. 48/2008 ) pee Ane /G)) 


lest A+ Bele) /B 


ai ee es 
>} Vase 
Wer aks ALA 


a te oy 


iam eet 
2™) a z Dad a” a 4, Ye e. “9 Sed | 21 Be oy eee es ony ar wn « 
woe Ola SURRGUPLEA GEAERATES TSE OMS IT VA 
TED 9 LOE Pea A Ty's anaes eu 
o a fs ia a fe 4, DLS x $28 Ae le ee Biss 


Ea ve "re ae 


Be. oA EU EE Im i DIGA( eer Gy CVs t. 
T= 4 mii} OO 4 wa /C CG iv are } we lieu ae (At + {i i + 6 a AK *V 2 B/G) 
109002 (B/G) / (neal lie (As BB /8 ) rant /c } 


se a ahar Uiih 
Lenin Wid 


atu 
ee, 
ee chy 


$u’s tts 
wa ks ae 
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